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2010 October    Section  A 
AQUILA 
 
Abruzzo 
Earthquake in Abruzzo 
 
April 6°  2009 h. 3.32  in the night 
 
Magnitudo 5.8 RICHTER;  8-9 Mercalli scale 
 
Ipocentre 5 km under the soil !! 
 
The historic Centre of the Capital city of Region Abruzzo: L’Aquila is very large 
and a huge damage was smeared on it  
Here there is an Analysis of some aspects regarding Architectural Heritage.   
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   Fig. 1 Typical masonry texture and related collapse mechanism  
 
 
TYPICAL MASONRY TEXTURE AND COLLAPSE MECHANISMS 
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Chiesa a L’Aquila  aprile 2009   
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Fig. 4  Masonry with “two-leaves”: the mechanism of “ de-foliation” (a). The restoration work 
active at earthquake time b): external treatment of surface reproducing historical “two-leaves” 
stonework  
 
 
 
 
 
DE-FOLIATION  MECHANISM 
TWO-LEAVES  MASONRY 
Sant’Esanio Forconese 
Abruzzo Region 
Apparecchio murario a due o tre paramenti paralleli 
Voces clamantes: 
Sono stati eliminati TIRANTI  
nelle navate laterali 
TIE-RODS WERE ELIMINATED  
(PEOPLE SAY) 
DURING RESTORATION 
pdf S.PIETRO DI COPPITO   
CAMPANILE 
L’Aquila  (Abruzzo Region) 
Conseguence of de-foliation  and  bell-cell  stiffened in the past with R.C. ring beam 
Sliding of cell on soil 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Fig  5  The mechanism of “de-foliation” on the top of the tower trunk caused the rigid sliding of the 
Bell-Cell on the soil. 
 
  
 
 
 
S.PIETRO  DI  COPPITO  DAY  AFTER 
Midle Italy ‘700-’800 Façade morphology ? 
S.Bernardino (AQ) 
Frequente morfologia rettangolare  
delle facciate sette-ottocentesche 
2° fattore di vulnerabilità: 
Morfologie architettoniche “ardite” o “inadeguate”  
in relazione alla scarsa qualità delle murature 
2° factor of vulnerability MORPHOLOGY  
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ON BEHAVIOUR OF MASONRY CONSTRUCTIONS 
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Sept 2016  
Earthquake in MIDDLE ITALY: RIETI 
 
24th August 2016  h. 3.36  in the night 
 
Magnitudo Mom. MW 6.2;  8-9 Mercalli scale 
 
Ipocentre 9 km under the soil !! 
 
The historic Centres of the Amatrice, Accumoli  are large 
and a huge damage was smeared on it  
Follows an Analysis of some aspects regarding Masonries  Architectural Heritage.   
Sant’Agos*no	di	Amatrice		
Sisma	August	24th	2016	
BEFORE 
AFTER  
Square gable façade  
Middle Italy (Rieti) sisma 2016  
Two leaves masonry 
Out the plane MECHANISM  
R.C. DECKS AND ROOFS ? 
INJURED  ARCHITECTURAL  HERITAGE  IN  EMILIA  
AFTER THE EARTHQUAKE  2012:  
SOME GENERAL REMARKS  
ON BEHAVIOUR OF MASONRY CONSTRUCTIONS 
Introduction to the course: 
MECHANICS OF HISTORICAL MASONRY STRUCTURES 
Sept 2016  
Emilia	earthquake		
2012	May	20		
Seismic	events	from		May	20°	to	May	29°		
Stars	indicate	events	major	of	M	5.0
Acontecimientos	major	of		M	5
	Bell	towers/	Belfries	
Brick	masonry,	lime	based	mortar	
	Typical	buildings	(1700	-	1800)	
Emilia	Region	-	North	Italy	
Freestanding	or	attached	to	the	church
Bell	Chamber	with	wide	windows
Spires	and	steeples
Tie-rods		for	confinement
Cavezzo	(Modena)
Campanarios
Tipico	campanario	(1700	-	1800)	
Mampostería	de	ladrillos/mortero	de	cal
Separados		or	ligado	a	la	iglesia
Celda		campanaria	con	amplias	ventanas
Pinaculo,	agujas
Cadenas	de	hierro	para	encierro	
FINALE	EMILIA	(MO)
S,	FELICE	SUL	PANARO	(MO)
Defensive	(Battlemented)	Towers
TYPICAL		HISTORICAL	TOWER	IN	THE	EMILIA	REGION
Attached	to	the	walls	with	merlons,	
part	of	medieval	castles,		
often	massive	(stocky),	
made	by	bricks.
TIPICA	TORRE		HISTORICA	EN	LA	REGION	EMILIA	
Torres	de	defensa	con	almenas
Ligada	a	la	pared	con	almenas	
Parte	de	castillo	medieval,		
achaparrada	
Mamposteria	de	ladrillo.
Emilia	Region	-	North	Italy	
Bell-towers	and	Battle-towers	
The	safety	of	houses	surrounding	the	towers		depends		
on	the	stability	of	this	monument	during	an	earthquake.	
Damaged	tower,	after	earthquake		represents	an	hazard		for	people		
living	in	the	proximity	of	it.
La	seguridad	de	los	edificios	entorno	de	la	torre	depende	de	la	
estabilidad	de	este	monumento	durante	el	sismo.	
	La	torre	estropeada,	después	de	un	sismo,	representa	un	peligro	para	
	las	personas	que	viven	en	proximidad	de	esta.		
CAMPANARIOS	y	TORRES	MILITARES
	Bell	towers/	Belfries	
Brick	masonry,	lime	based	mortar	
	Typical	buildings	(1700	-	1800)	
Emilia	Region	-	North	Italy	
Freestanding	or	attached	to	the	church
Bell	Chamber	with	wide	windows
Spires	and	steeples
Tie-rods		for	confinement
Cavezzo	(Modena)
Campanarios
Tipico	campanario	(1700	-	1800)	
Mampostería	de	ladrillos/mortero	de	cal
Separados		or	ligado	a	la	iglesia
Celda		campanaria	con	amplias	ventanas
Pinaculo,	agujas
Cadenas	de	hierro	para	encierro	
FINALE	EMILIA	(MO)
S,	FELICE	SUL	PANARO	(MO)
Defensive	(Battlemented)	Towers
TYPICAL		HISTORICAL	TOWER	IN	THE	EMILIA	REGION
Attached	to	the	walls	with	merlons,	
part	of	medieval	castles,		
often	massive	(stocky),	
made	by	bricks.
TIPICA	TORRE		HISTORICA	EN	LA	REGION	EMILIA	
Torres	de	defensa	con	almenas
Ligada	a	la	pared	con	almenas	
Parte	de	castillo	medieval,		
achaparrada	
Mamposteria	de	ladrillo.
Emilia	Region	-	North	Italy	
FATAL	ERROR	OF		
CONSTRUCTION	TECHNOLOGY
Mamposteria	de	dos	hojas	con	techo	de	hormigon	armado		
Two	leaves	masonry	with	reinforced	concrete	roof		
FATAL	ERROR	DE	TECNOLOGIA		
CONSTRUCTIVA
El	terremoto	reciente	en	Emilia	(20	Mayo	y	29	Junio	2012)	
Y	errores	de	tecnologia	constructiva
Il 6 aprile 09:  Un  monumento … crollato  
2007 
PECCATO  CHE  il 6 aprile 2009 SIA  CROLLATO   !!!  
S. PIETRO da COPPITO  (AQ) 
GOOD WORK OF RESTORATION WAS CLAIMED (SIC!!!)  
IT IS A PITY THAT THE CHURCH COLLAPSED  
2007  
 
 
 
 
 
Fig. 3  Problems caused by the irregular and pushing roof timber systems 
 
 
 
Interaction of masory wall with timber roof  
Applicare le Teorie recenti del Restauro alla  
 
RICOSTRUZIONE DI UNA EDIFICAZIONE STORICA CROLLATA 
 
• AZIONE BELLICA (S.Chiara di Napoli, etc ) 
• IMPLOSIONE o CROLLO Spontaneo (Cattedrale di Noto, etc..) 
• AZIONE SISMICA (S.Francesco di Assisi, chiese dell’Aquilano, etc…) 
La Ricostruzione. Perchè? 
 
Superando la concezione del falso storico  
la quasi totalità delle comunità hanno voluto e attuato la 
Ricostruzione del segno della identità culturale 
RESTORATION THEORY 
Re-construction of collapsed historical masonry building ?   
  
WAR ACTION ( example s.Chiara Church in Naples) 
IMPLOSION OR SPONTANEOUS COLLAPSE (ex.Cathedral of Noto, Sicily) 
SEISMIC ACTION (san Francesco di Assisi, ….) 
 
Superando la concezione del falso storico  
la quasi totalità delle comunità hanno voluto e attuato la 
Ricostruzione del segno della identità culturale 
PROBLEM  
WHY ??? Outdoing the concept of false historic 
Ricostruendo a seguito della azione bellica non si pose in generale il problema  
del  
Rafforzamento strutturale /Structural Strengthening  
rispetto alla situazione precedente. 
Ricostruendo a seguito di crollo per cedimento strutturale si pone invece il problema  
del  
Rafforzamento Strutturale //Structural Stregthening  
da applicare alla preesistente costruzione 
Ricostruendo a seguito di crollo per sisma si pone il problema del 
 Rafforzamento Strutturale / Structural Strengthening 
da applicare alla preesistente costruzione per la sua conservazione  
in zona sismica    
CONFLICT INJURIES 
SPONTANEOUS COLLAPSE 
SEISMIC COLLAPSE 
STRUCTURAL STRENGTHENING 
  
NO   Structural Strengthening  
in comparison with previous situation. 
  
YES     Structural Stregthening  
In comparison with previous situation  
   YES YES Structural Strengthening 
in comparison with previous condition  
Increase quality of materials and structural efficiency     
CONFLICT INJURIES 
SPONTANEOUS COLLAPSE 
SEISMIC COLLAPSE 
STRUCTURAL STRENGTHENING 
Task 3 
Strategies and techniques for seismic strengthening: detection of the sources of 
vulnerability, definition of the strategies, load paths and distribution of actions; structural connections; 
strengthening and consolidation of masonry; strengthening/stiffening of floors, roofs, vaults. 
EVALUATION AND REDUCTION OF THE VULNERABILITY OF 
MASONRY BUILDINGS 
S. Lagomarsino , G. Magenes 
in  
G. Manfredi, M. Dolce (eds), The state of Earthquake Engineering Research in Italy: 
 the ReLUIS-DPC 2005-2008 Project,1-50, © 2009 Doppiavoce, Napoli  
                           RI-COSTRUZIONE 
 
Il problema della  
e conservazione della memoria storica 
Ministero delle Infrastrutture: Linee Guida 
per la Progettazione, l’Esecuzione ed il Collaudo 
di Interventi di Rinforzo di strutture di c.a., c.a.p. 
e murarie mediante FRP 
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CONSERVATION OF HISTORICAL MEMORY  
